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(54) Athermal arrayed waveguide grating 

(57) The invention is an optical device having a plu- 
rality of optical waveguides and comprising at least one 
waveguide, which is defined by a core region having first 
and second sections that are series connected and are 
capable of transmitting light energy the core region be- 
ing surrounded by a cladding that essentially confines 
the light energy within the core region, the first section 
of the core region comprising a first length of material 
whose refractive index increases as temperature In- 
creases; The at least one waveguide is temperature- 



compensating in that and the second section of the core 
region comprises a second length of material whose re- 
fractive index has a sufficient enough difference of the 
rate of the variation of the index with the temperature, 
wherein the second section has a plurality of grooves, 
filled with the material whose refractive Index has a suf- 
ficient enough difference of the rate of the variation of 
the index with the temperature, that are designed in a 
way the effective width of the second section changes 
between adjacent wave guides. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] Generally speaking, optical wavelength multi- 
plexing and demultiplexing have been accomplished In 
the past by using an interconnection apparatus having 
a plurality of closely spaced Input waveguides commu- 
nicating with the input of a star coupler. The output of 
the star coupler communicates with an optical grating 
comprising a series of optical waveguides, each of the 
waveguides differing in length with respect to its nearest 
neighbor by a predetermined amount. The grating is 
connected to the input of a second star coupler, the out- 
puts of which fonn the outputs of the switching, multi- 
plexing, and demultiplexing apparatus. 
[0002] The geometry of such an interconnection ap- 
paratus may be such that a plurality of separate and dis- 
tinct wavelengths each launched Into a separate and 
distinct input port of the apparatus will all combine and 
appear on a predetennlned one of the output ports. In 
this manner, the apparatus performs a multiplexing 
function. The same apparatus may also perform a de- 
multiplexing function. In this situation, an input wave- 
length Is separated from the others and directed to a 
predetermined one of the output ports of the apparatus. 
An appropriate selection of input wavelength also per- 
mits switching between any selected input port to any 
selected output port. Accordingly, these devices are 
generally referred to as frequency routing devices and 
more specifically wavelength division multiplexers 
(WDM). 

[0003] Ideally, the operation of these AWG and WDM 
optical devices should by predictable and consistent 
over a wide range of environmental conditions. Unfor- 
tunately however, in practice, the operational perform- 
ance of such devices Is significantly affected by varia- 
tions in the temperature of the environment surrounding 
the device. 

[0004] More specifically, the wavelength spectrum of 
existing AWG designs shifts with temperature (T) for at 
least two reasons. First, where n represents the refrac- 
tive index of the waveguide material, dn/dT=?tO and sec- 
ondly, the thermal expansion, i.e. 6UdT, where L repre- 
sents length, likewise does not equal zero. 
[0005] To date, some of the techniques used to create 
optical devices that are less sensitive to tenriperature 
changes have included using a heater with a tempera- 
ture controller to stabilize the wavelength spectrum of 
the AWG. Unfortunately, such a design is expensive and 
impractical in applications where electrical power is not 
readily available. In addition, the semiconductor art has 
demonstrated a temperature insensitive semiconductor 
WGR that includes a waveguide region with different dn/ 
dT. 

[0006] However, even in light of the technical advanc- 
es mentioned above, there remains a definite need for 
a practical design and method for making optical 



waveguide filtering devices temperature independent. 
This Is particularly true for compensating waveguide 
grating routers, which are, at present, the multiplexers 
of choice for dense WDM systems. Furthemiore, given 

5 that silicon optical bench routers are now components 
of various Next Generation Lightwave Networks 
(NGLN) and are planned for use in Fiber-to-the-Home 
(FTTH) access networks, temperature-compensating 
optical devices like AWGs are highly desirable for these 

10 networks. 

In the US 6 137 939 a design is proposed where a por- 
tion of the length of at least one waveguide within the 
optical device is modified in a way that stabilizes the 
wavelength spectrum passing therethough. The solu- 

15 tion is to fill an elastomer material in either several 
blocks incorporated in the selected waveguides or to in- 
corporate a wedge filled with the said elastomer mate- 
rial. 

[0007] Also known are several designs of wedges 
20 from. US 6304 687. All this proposed designs allow to 
adapt the WGR to different temperature with an accept- 
able insertion loss. But the known structures introduce 
a cross talk penalty in the WGR which disturbed the 
channels and mismatches the WGR for the several us- 
25 es. 

To reduce the effects of cross talking between the 
waveguides it is known to use a design which separates 
the channels by implementing several separated wedg- 
es of same width of the material into the waveguides 
30 which has opposite temperature coefficient to the silica 
waveguide. The use of this wedges with different 
lengths but same width do not suppress the cross talk 
effects in a sufficient way 



[0008] The present invention relates to a tempera- 
ture-compensating optical device with a design that al- 
lows the reduction of cross talk effect between adjacent 
40 waveguides. 

[0009] A waveguide has a core region which is capa- 
ble of transmitting light energy and is surrounded by a 
cladding that essentially confines the light energy within 
the core region. Additionally, a first section of the core 
45 region comprises a first length of material whose refrac- 
tive index increases as temperature increases. In ac- 
cordance with the present invention, a second section 
of the core region comprising a second length of mate- 
rial whose refractive index decreases as temperature in- 
50 creases. 

[0010] In an illustrative embodiment of the present in- 
• vention, an optical component having a plurality of 
waveguides Includes at least one of the temperature- 
compensating waveguides in order to maintain its per- 
55 formance capabilities essentially independent of tem- 
perature. In a more specific illustrative embodiment, an 
optical device, 

such as a AWG, includes a first free space region having 
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at least one input waveguide and a second tree space 
region having at least one output waveguide. 
Additionally, a plurality of unequal length waveguides 
connects the first free space region to the second free 
space region, wherein at least one of the unequal length s 
waveguides is defined by a core region having first and 
second sections that are series connected and are ca- 
pable of transmitting light energy, the core region being 
surrounded by a cladding that essentially confines the 
light energy within the core region, the first section of 
the core region comprising a first length of material 
whose refractive index increases as temperature in- 
creases. Most importantly, at least one of the unequal 
length waveguides Is temperature-compensating in that 
the second section comprises a second length of mate- 
rial whose refractive index decreases as temperature in- 
creases or differs enough from the coefficient variation 
of the waveguide. A special design of the two said sec- 
tion allows the optimization of either cross talk and in- 
sertion losses. 

[0011] The invention proposes a design with a plural- 
ity of grooves in the second section of core region where 
the grooves of afirst embodiment differs from each other 
by their widths. The widths are designed in a pseudo- 
randomized way, so that no relation between the widths 
of adjacent wedges occurs. This allows an effective re- 
duction of cross talk effect. In a further embodiment of 
the invention aplurality of grooves are fonned as second 
section of the core region. The plurality of grooves al- 
lows the fine adaptation of the temperature behavior of 
the optical device or component. The plurality of wedges 
also allows to decrease the cross talk effects. 
(I would prefer to say just " to decrease the cross talk " 
because there are cross-talk between adjacent and also 
non-adjacent waveguides.) 

Preferably the design to use several wedges parallel to 
each others has a advantage reduction of insertion loss 
penalty. 

. Another preferred embodiment shows aplurality of trap- 
ezoids. The best results are obtained while following 
special design rules for the trapezoids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Embodiments of the inventions are shown in 
the f ihures and described in dtails in the description be- 
low. 

Fig. 1 shows a WGR device without temperature 
compenssatlon 

Fig 2. shows a WGR device according prior art 
Fig. 3 shows a first embodiment of the invention 
Fig. 4 shows a second embodiment. 
Fig. 5 shows a third embodiment of the invention. 

[0013] Fig. 1 shows a circuit diagram of a convention- 
al arrayed waveguide grating multiplexer. The input 
waveguides 2 are connected to a first slab waveguide 



3 and via an Fig. 2 shows an arrayed waveguide with 
two sections: a first arrayed waveguide 4 and a second 
slab waveguide 5 to the output waveguides 6. 
[001 4] Fig. 2 shows a athermal arrayed waveguide as 
described in prior art. The arrayed waveguide 4 com- 
prises two sections with a first section made by silica 
and a second section made of an elastomeric material 
with a negative thermal coefficient. In order that optical 
phases in two adjacent waveguides are varied with re- 
spect to temperature change it is necessary that the dif- 
ference of optical path lengths of the two adjacent 
waveguides are not varied with respect to temperature. 
When the temperature coefficient of the refractive Index 
of the first section of the waveguide and the temperature 
coefficient of the second section of the waveguide have 
different values a broad groove is fonned in a long 
waveguide 4 and a small groove in a short waveguide. 
As the arrayed waveguide grating multiplexer needs to 
satisfy the condition between each adjacent pair of 
waveguides 5 grooves which are sequentially elongated 
at a constant length provided in accordance with the 
waveguides. 

Using another material for filling the grooves with a ther- 
mal coefficient which is not negative but differs in the 
variation of temperature from the material of the 
waveguide, the triangle structure must be rotated about 

the center by 180^ 

[001 5] The grooves does not have a waveguide struc- 
ture and therefore optical strength distribution is spread 
due to diffraction a loss I generated. Therefore the width 
of the groove is smaller the loss is smaller. Also crass 
talk effects increase. 

[0016] Examples for temperature compensating ma- 
terials are aromatic compounds such as benzene and 
toluene, cyclic hydrocarbon compounds, linear hydro 
compounds, chloride, sulfide and ketone and a huge 
number of polymeric material. 
[0017] Fig. 3 shows a temperature independent struc- 
ture of a waveguide device. The wedge of the prior art 
is dissolved in a group of structures with pseudo rand- 
omized widths W. The widths are designed to minimize 
loss and cross talk. Adjacent wedges structures have 
different widths without correction between the widths. 
The lengths of the wedges are different from each other 
As a result the optical phase to two adjacent waveguide 
see different length of the material filled in the grooves. 
[0018] The solution according Fig. 3 corresponds to 
a pseudo-randomization of the W parameter The moti- 
vation is to distribute the energy of the side-lobes pro- 
duced by the slot structure along a wider range of wave- 
lengths in order to dismiss their impact on the crosstalk. 
Simulation has been done to check the result of pseudo 
randomization of the width W. 
In order to investigate this design, two pseudo-ran- 
domised structures have been considered. The mini- 
mum slot width is restricted by technology to 10^un Due 
to that, a variation of the W parameter has to be done 
towards higher W parameter 
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[0019] The first structure uses slots with alternative 
widths of 15 and 20 \m\ with good results. 
Another design structure implements alternative slots 
with 15, 17.5 and 20 jun minimum width. 
[0020] Fig. 4 shows another embodiment of the inven- 
tion. The wedges have the same length and they are 
arranged parallel to each other. This design also dis- 
solves one triangular wedge in a plurality of wedges. In 
this approach a new segmentation of the polymer 
wedge is proposed. The original idea consist in a set of 
triangles as shown in fig 4. 

Nevertheless, a minimum slot width is Imposed by tech- 
nology. Duo to that, the original polymer wedge must be 
transform in a trapezoidal figure, so that the segmenta- 
tion can also be done in trapezoidal shape slots, accord- 
ing fig 5. 

[0021] As a first case, a structure with trapezoidal 
slots with minimum and maximum width of 16 fim and 
30 ^m have been considered. It means that the whole 
polymer trench is also a trapezoid with b = a (a is deter- 
mined by theTOC of the polymer and the AL of the AWG 
design. Forthesampleusedforthe study the two values 
are TOC = -4x1 0"** and a = 1 81 tim. ) The invention is 
not restricted to the "hard " definition of the trapezoid 
above with the values of these examples. 
[0022] A second structure has been investigated with 
minimum and maximum width of the slots of 15 ^m and 
22.5 \im. It means that for this case, b = 2 x a. 
This two examples have different insertion losses and 
different crass talk reduction strengths. The design 
should be by using a trapezoid structure be adapted to 
the materials used and the technology for manufactur- 
ing the optical component.( 

[0023] Because the slots cross the whole AWG, the 
amplitude and phase distortion produce by this structure 
does not present the saw structure of figure 4. 
[0024] There is no termination of the slots in the mid- 
dle of the array of waveguides. The trapezoidal frag- 
mentation Imposes no restriction about a minimum dis- 
tance between the waveguides of the arrayed as the 
standard structure. 

[0025] A further improvement to dismiss the back re- 
flection can be done by changing the angle between the 
waveguide and the slot from 90® to —86°. 
[0026] A method for producing the proposed de- 
signed waveguide of the invention will be described be- 
low: 

Step 1 : A quartz glass is accumulated on the Si sub- 
strate by flame-accumulating process, and Is trans- 
parentized In an electric furnace. 

Step 2: Then, a core glass in which Ge is added is 
accumulated on the glass film, which is accumulat- 
ed In step 1 by flame-accumulating process, and Is 
transparentized in the electric furnace. 

Step 3: Then, the core glass Is patterned by photo- 



lithography and reactive etching. 

Step 4: Lastly, the quartz glass is accumulated, and 
is transparentized. 

5 

[0027] With this series of operations, an embedded 
quartz waveguide having a small propagation loss is 
produced. 

[0028] After the waveguide is produced the shaped 
10 designed grooves 12 were fomaed in the straight 
waveguide portion 11 by photolithography and reactive 
etching. Each of these grooves 12 were formed by ro- 
tating a sample little by little and lap-cutting the grooves 
by the dicing saw. The grooves were formed according 
IS to the used design. A depth of the groove was -50 ^m. 
Lastly, a silbone resin was dropped into the grooves 12, 
heated and cured. The optical path length temperature 
coefficient of this silicone resin was about -40 times of 
that of a quartz waveguide, and was -4 xiol 

20 

Claims 

1. An optical device having a plurality of optical 
25 waveguides and comprising at least one 

waveguide, which is defined by a core region having 
first and second sections that are series connected 
and are capable of transmitting light energy, the 
core region being surrounded by a cladding that es- 

30 sentlally confines the light energy within the core re- 
gion, the first section of the core region comprising 
a first length of material whose refractive index in- 
creases as temperature Increases; wherein the at 
least one waveguide is temperature-compensating 

35 In that and the second section of the core region 
comprises a second length of material whose re- 
fractive index has a sufficient enough difference of 
the rate of the variation of the index with the tem- 
perature, wherein the second section has a plurality 

40 of grooves, filled with the material whose refractive 
index has a sufficient enough difference of the rate 
of the variation of the index with the temperature, 
that are designed in a way the effective width of the 
second section changes between adjacent wave 

45 guides and where the grooves of the second section 
has the shape of triangles over the whole length. 

2. Optical device according claimi where the second 
material has atemperature coefficient that decreas- 

50 es when the temperature increases. 

3. Optical device according claimi where second ma- 
terial has a temperature coefficient which increases 
but with a rate of variation different from the tern- 

55 perature coefficient of the first material. 

4. Optical device according claimi where the grooves 
of the second section have different pseudo rand- 
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omize widths (W) uniform along the lengths. 

5. Optical device according claimi where the grooves 
of the second section have non uniform widths (W) 
over the waveguides but the same lengths. s 

6. Optical device according claimi where the grooves 
of the second section has the shape of trapezoids 
created by a triangle with one side length a and with 
attached rectangular shape with one side length b. io 

7. Optical device according claim 6 where the side 
lengths of the trapezoids follows the rule a=b. 

8. Optical device according claim 6 where the side is 
lengths of the trapezoids follows the rule b=2a. 

9. Optical device according claimi wherein the first 
section of the core region is made of silica. 
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